Objective: The aim of this randomized longitudinal clinical study was to assess different treatment protocols for dentin hypersensitivity with high-power laser, desensitizing agent, and its association between high-power laser and desensitizing agent, for a period of 6 months. Background data: The literature shows a lack of treatment for dentin hypersensitivity, and lasers are contemporary alternatives. Methods: After inclusion and exclusion analysis, volunteers were selected. The lesions were divided into three groups (n = 10): G1, Gluma Desensitizer (Heraeus Kulzer); G2, Nd:YAG Laser (Power Laser TM ST6, Lares ResearchÒ) contact mode, laser protocol of 1.5 W, 10 Hz, and 100 mJ, & 85 J/cm 2 , four irradiations performed, each for 15 sec, in mesiodistal and occluso-apical directions, totaling 60 sec of irradiation with intervals of 10 sec between them; G3, Nd:YAG Laser + Gluma Desensitizer. The level of sensitivity to pain of each volunteer was analyzed by visual analog scale (VAS) using cold air stimuli and exploratory probe 5 min, 1 week, and 1, 3, and 6 months after treatment. Data were collected and subjected to statistical analysis that detected statistically significant differences between the various studied time intervals of treatments ( p > 0.05). Results: For the air stimulus, no significant differences were found for each time interval. For the long-term evaluation, all groups showed statistical differences ( p > 0.05), indicating that for G2 and G3, this difference was statistically significant from the first time of evaluation (post 1), whereas in G1, the difference was significant from the post 2 evaluation (1 week). Comparison among groups using the probe stimulation showed significant differences in pain ( p < 0.001). Only in G1 and G3 did this difference become significant from post 01. Conclusions: All protocols were effective in reducing dentinal hypersensitivity after 6 months of treatment; however, the association of Nd:YAG and Gluma Desensitizer is an effective treatment strategy that has immediate and long-lasting effects.
Introduction

M
odern concepts in dentistry have led to a reduction in tooth loss from caries lesions. On the other hand, the longer life of teeth in the oral cavity has brought an increase in the occurrence of noncarious cervical lesions, namely erosion, abrasion, abfraction, and attrition.
1,2 As a consequence, dentin hypersensitivity has been shown to be a common complaint among adults, and represents one of the most critical and painful conditions in dentistry. 3, 4 The increased frequency of dentin hypersensitivity has been reported in cases of teeth with gingival recession, poor oral hygiene, parafunctional habits, aggressive tooth brushing, erosion resulting from food factors, bad positioning of teeth, chronic periodontal diseases, periodontal surgery, occlusal problems, age, or a combination of these factors. 5 The essential feature for the presence of dentin hypersensitivity is the exposure of dentin surfaces with open dentinal tubules, and the most accepted theory to explain the pain related to dentin hypersensitivity is the hydrodynamic theory. 6 According to the theory, when dentinal tubules in vital teeth are exposed, fluid within the dentinal tubules may flow in either an inward or outward direction, depending upon pressure differences in the surrounding tissue. These intratubular fluid shifts can activate mechanoreceptors in intratubular nerves or in the superficial pulp, and are perceived by the patient as a pain with a rapid onset, sharp in character and duration. 7 Therefore, it is reasonable to provide a treatment for dentin hypersensitivity that would seal dentinal tubules and would not allow the movement of fluid flow.
Different treatment modalities have been described, such as occlusal adjustment, dietary advice, brushing instructions, application of adhesive systems, adhesive restorations, application of desensitizing products/salts (potassium ions, oxalate, sodium fluoride) and irradiation with low-and highpower lasers. 5, 8, 9 The latter treatment has been demonstrated to be efficient in reducing dentin hypersensitivity and can be described as a method of treatment for dentin hypersensitivity. As there is no consensus about the most satisfactory technique or product that would ensure a long-lasting effect, the use of lasers has been presented as an alternative treatment, providing partial or complete obliteration of dentinal tubules, with satisfactory results described in the literature.
High-power lasers such as carbon dioxide (CO 2 ), neodymium: yttrium-aluminum-garnet (Nd:YAG) erbium, yttrium-aluminum-garnet: (Er:YAG) and erbium chromium: yttrium -scandium -gallium-garnet (Er,Cr:YSGG), and surgical diode lasers, are examples of the types of equipment used in dentistry. [10] [11] [12] [13] [14] [15] [16] [17] [18] Among them, the mode of action of Nd:YAG laser is highlighted. This equipment has been used since 1985 and has shown the ability to obliterate the tubules through a process called ''melting and re-solidification,'' without causing pulp damage or cracks when used with an appropriate protocol. 19, 20 In addition, Nd:YAG laser was shown to be capable of producing a sealing depth of *4 lm within the tubules, usually causing an immediate reduction in dentin hypersensitivity. 20 Therefore, the objective of this in vivo study was to assess different treatment protocols for dentin hypersensitivity treatment with a desensitizing agent, high-power laser, and their association between high-power laser and desensitizing agent for a period of 6 months.
Materials and Methods
The research protocol was initially submitted to the Ethics Committee of the local institution (Protocol 62/07). Patients who gave their oral and voluntary written informed consent, and were aware of the study inclusion and exclusion criteria, were examined before participating in the study. A detailed medical and dental history was recorded.
Patients were considered suitable for the study if they had sensitive teeth showing tooth wear or gingival recession with exposure of cervical dentin. Patients with teeth showing evidence of irreversible pulpitis or necrosis, carious lesions, defective restorations, facets of attrition, premature contact, cracked enamel, active periodontal disease, use of daily doses of medications, or any factor that could be responsible for sensitivity, were also excluded. Also excluded were patients who had undergone professional desensitizing therapy during the previous 3 months; and women who were pregnant or breast-feeding. Differential diagnosis was performed and the vitality of all teeth was verified.
After clinical examination, 24 patients were selected, and 33 teeth (n = 11) received treatment. All lesions were located on the facial surface of the teeth. If the patient had two or more lesions side by side in the same quadrant, only one of the lesions would receive the treatment, at that time.
During the first screening visit, dietary counseling and oral hygiene instructions, and techniques with non-fluoride toothpaste were also provided. After that, all patients were standardized and the lesions were randomly assigned to the groups.
The degree of dentin hypersensitivity was determined by a visual analog scale (VAS). All patients were asked to define their level of dentin hypersensitivity using the VAS on a scale from 0 to 10, where 0 represented ''no pain'' and 10 ''the worst pain.'' Each patient was asked to rate the perception of discomfort after the application of air using a dental syringe for 3 sec, 2 mm away from and perpendicular to the root surface. The adjacent teeth were isolated with cotton rolls to prevent false positive results. In addition, a dental probe was used to scratch the surface in a mesial to distal direction. VAS scale was also used to determine the level of pain. All stimuli were given by one operator (Operator 1), with the patient seated in the same dental chair, with the same equipment yielding similar air pressure and probe pressure. This first measurement was considered the baseline (pre 01). The level of sensitivity was measured by VAS scale at time intervals of 5 min (post 1), 1 week (post 2), and 1 (post 3), 3 (post 4), and 6 (post 5) months after the treatments, by Operator 2.
After the first measurement, the cervical lesions and recessions were randomly divided into the three experimental groups using a Microsoft Office Excel program. No negative control group (placebo group) was allowed by the Ethics Committee.
Desensitizer agent (Gluma Desensitizer)
A few drops of Gluma Desensitizer (Heraeus Kulzer, Armonk, NY) were applied with a cotton pellet using a gentle but firm rubbing motion. After 30-60 sec, the area was dried thoroughly until the fluid disappeared and the surface was not shiny.
Nd:YAG laser irradiation
The irradiation with Nd:YAG laser (Power Laser TM ST6, Lares ResearchÒ, San Clemente, CA-FAPESP 07/55487-0) was performed in pulsed form, contact mode, perpendicular to the surface, and with power of 1.5 W, repetition rate of 10 Hz, and 100 mJ of energy. A 400 lm quartz fiber was used, with pre-established movements in the occluso-apical and mesiodistal directions and vice versa. Therefore, the energy density calculated was & 83.3 J/cm 2 . Four irradiations of 15 sec each were performed, totaling 60 sec of irradiation. An interval of 10 sec between the irradiations was necessary for thermal relaxation of the tissue.
For G3, in which the association of Nd:YAG laser irradiation and application of desensitizing agent Gluma Desensitizer was used, the irradiation protocol was initially performed, and then the product was applied according to the manufacturer's instructions.
Statistical analysis
Data for statistical analysis were collected using the Minitab Statistical software, version 16.1. All analyses were conducted separately for the air stimulus and probe, and each tooth was assessed individually. The level of significance was considered for values of p < 0.05. Initially, the Kolmogorov-Smirnov test was used to verify the distribution of data. As it did not present a normal distribution, the nonparametrical Kruskal-Wallis and Friedman tests were performed for the comparison between the experimental groups and studied time intervals, respectively.
Results
Comparison among groups showed no significant difference in pain levels in the pre-treatment period ( p = 0.097). For Nd:YAG LASER AS A TREATMENT FOR DENTIN HYPERSENSITIVITYeach time interval, no significant differences were found among treatments.
For the long-term evaluation, each group was analyzed individually. All of them showed statistical differences ( p > 0.05), indicating that for groups Nd:YAG laser and Nd:YAG laser associated with Gluma Desensitizer, this difference was statistically significant from the first time of evaluation (post 1), whereas in the other groups, the difference was significant from the post 2 evaluation (1 week after treatment). Figure 1 shows the graphics in which the reduction of pain levels with air stimulus for all treatments can be observed.
For the probe stimulus, once again, data did not show normal distribution and were therefore analyzed using nonparametric tests. Figure 2 shows the graphics for pain (median) reduction obtained according to the treatment used and the assessment period. Similarly to the results achieved with the air stimulus, comparison among groups using the probe stimulation showed no significant difference in pain during pre-treatment ( p = 0.321); therefore, it was not necessary to transform the data to compare over time.
To evaluate pain over time, each group was analyzed separately. All showed significant differences in pain ( p < 0.001). The multiple comparison test showed that only in the Gluma and Nd:YAG + Gluma groups did this difference became significant from post 01. Group Nd:YAG showed a significant difference from the post 02/second evaluation time interval.
No complications, such as allergic reactions or pulpal injuries, were observed during the period of study. All teeth remained vital after the treatments, with no adverse reaction or clinical complications reported.
Discussion
Dentin hypersensitivity is the most frequent complaint reported by patients, and the individual need for treatment depends on the etiology; degree of discomfort related; extension and depth of the lesion, which may affect mastication; ingestion of liquids; respiration; and ability to maintain plaque control, and sometimes may lead to emotional changes that may alter the patient's lifestyle.
In the present study, some of the patients reported a pain so severe that this pathology became a physical and emotional problem. Many were unable to ingest hot or cold foods or liquids, sweets, acid foods, or drinks and even had difficulty with brushing their teeth because of the pain reported.
The professional approach to the treatment of dentin hypersensitivity has always been based on the results of treatments performed, irrespective of the approach to etiologic and existent predisposing factors. 21 This manner of approach created a problem in the resolution of a clinical protocol for the treatment of dentin hypersensitivity. At present, there are a large number of products available to professionals; however, many have been shown to be misleading as regards their efficacy. 21 A review of clinical trials in dentin hypersensitivity helps to explain this fallacy. Generally, the protocols that compare the different agents are not standardized, resulting in innumerable variables that often cannot be compared. The treatments rarely take into account etiologic factors, and it is difficult to quantify the pain related, because of its subjective nature. Many studies have used VAS of pain; others have used questionnaires to evaluate the patient. In addition, factors such as the placebo effect, Hawthorne effect, regression for the effect of the control product, differences in methodologies, duration of studies, and studied population, prevent comparison of the results and affirmation of a standard treatment protocol. 22 As has been described, in order to have dentin hypersensitivity, there must be exposure of the dentinal tubules. 22 Studies analyzing scanning electron microscopies have shown that the number of open tubules per unit of area is eight times higher, in addition to their diameter being twice as wide in sensitive dentin. 23, 24 Therefore, the concept of
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treatment for dentin hypersensitivity consists of a barrier that completely or partially obliterates the dentinal tubules, preventing the movement of fluid, and this is a logical conclusion for treatment, based on the hydrodynamic theory postulated by Brä nnströ m and Astrom. 6 It is interesting to note that Grossman, in 1935, suggested several ideal characteristics for a desensitizing agent. 25 These characteristics, which would be essential for the treatment of dentin hypersensitivity, could be valid up to today. The material would need to be easy to apply, be painless, act rapidly, not be a pulp irritant, not cause alterations in the tooth structure, and have a long-lasting effect. In the present study, none of the treatments presented undesirable or secondary effects, which confirms that if adequately used, they are safe and easily reproducible treatments.
Gluma Desensitizer is an example, as can be seen in this study, of a product that has shown promising results in clinical research. [26] [27] [28] This desensitizing agent contains hydroxyethyl methacrylate (HEMA), benzalkonium chloride, glutaraldehyde, and fluoride in its formula. Glutaraldehyde causes coagulation of proteins inside the dentinal tubules, reacting with the albumin in dentinal fluid, thus causing the precipitation of albumin. As a result of this reaction, HEMA polymerization occurs, which is able to form deep tags, so that there is partial or complete obliteration of the dentinal tubules and consequent reduction in dentin hypersensitivity. 27 The tags that cause occlusion of the dentinal tubules may reach a depth of 200 lm.
29
In the present study, the group treated with Gluma Desensitizer showed clinical results that were expected, probably with complete obliteration of dentinal tubules, thereby significantly reducing pain levels, both for air and probe stimulation, as well as immediately and over the course of time.
The need for an alternative treatment, preferably one showing long-term efficiency, appeared in view of innumerable responses to the available desensitizing agents. With the discovery and development of laser technology, right from the discovery of the first ruby laser, a new treatment option for dentin hypersensitivity appeared and a variety of lasers have been developed and tested. The Nd:YAG laser was the first described in the literature; however, other wavelengths can be used such as the CO 2 (10600 nm), associated with a calcium hydroxiapatite paste, Er:YAG (2940 nm) and Er,Cr:YSGG (2780 nm).
High power laser which is outstanding in the literature and clinic, in cases of treatment for the reduction of pain in dentin hypersensitivity, is Nd:YAG laser. 13, 15, [30] [31] [32] [33] [34] [35] [36] The fact that this equipment performs the dissolution and re-solidification of the hydroxyapatite crystals in dentin, forming a differentiated layer with a sealing depth of *4 lm within the dentinal tubules, should result in the elimination of dentin hypersensitivity for a prolonged period of time. Studies in the literature, which compare the use of Nd:YAG laser with other types of equipment or desensitizing agents, have shown its superiority. Dilsiz et al. (2010) 13 evaluated the effectiveness of Er:YAG, Er,Cr:YSGG and a low-level diode laser as dentin desensitizers and concluded that all of them can be used to reduce dentin hypersensitivity. However, the results of the Nd:YAG laser irradiation were more effective and it seems to be a suitable tool for successful reduction of dentin hypersensitivity. Comparisons between the Nd:YAG and Er:YAG lasers have also shown the superiority of Nd:YAG laser in reducing patients' pain and occluding tubules. 15, 34, 37 The results in the literature are in agreement with the results of the present study. Nd:YAG laser presented immediate and long-term results without adverse effects. 36 In addition, according to the literature, only Nd:YAG laser appears to have an additional analgesic effect when compared with the other high power lasers. This most probably occurs because the irradiation may temporarily alter the final part of the sensory axons and block both the C and Ab fibers, thereby diminishing pain. 38 This mechanism should explain why a significant decrease at the second evaluation period (post 2) was observed compared with post 1.
In spite of melting occurring after irradiation with Nd:YAG laser, one cannot be clinically certain that there was occlusion of all the dentinal tubules with the protocol applied in this study, but one also cannot increase the power provided by the equipment. Zapletalová et al. 39 showed that powers >1.5 W may cause microcracks or even carbonization of the tooth surface, and consequent increase in intra-pulp temperature, causing irreversible injuries. The guarantee of not sealing of all the dentinal tubules may explain why some patients, even after irradiation with Nd:YAG laser, still had pain.
The present study showed that the only group in which all the sample presented no pain at the end of evaluation was the group in which Nd:YAG laser was associated with the Gluma Desensitizing agent. Therefore, if any tubules were not sealed by means of the re-solidification process by Nd:YAG laser, this could be complemented by the desensitizing agent, as a way to reduce the number of open dentin tubules to the maximum extent. Farmakis et al. showed a combined approach of treatment that showed potential to improve the outcome of treatment for dentin hypersensitivity. 40 The authors used a bioglass combined with Nd:YAG laser irradiation and suggested this combined treatment, as was used by the authors of the present study.
It is necessary to report that it is difficult to qualify the pain caused by dentin hypersensitivity. The VAS was chosen to measure the pain of the patients in this study, because according to the literature, it is considered adequate for the measurement of pain in studies, as it has the advantage of being a continuous scale, easy for patients to understand, with the capacity to discriminate different types of pain in different studies, such as the pain in dentin hypersensitivity. 32, 37, 41, 42 In spite of the great variety of materials and techniques existent, dentin hypersensitivity is still considered a chronic problem in dentistry, because of the difficulty of measuring pain, choice of material, most suitable technique, and the uncertain prognosis. 16 It is necessary to consider the severity of the dentinal hypersensitivity before the use of laser, and it is also necessary to use correct and safe protocols. Nevertheless, considering its effectiveness and simplicity, treatment with high-power laser is a conservative and appropriate option for the treatment of dentin hypersensitivity, provided that the correct protocols, based on scientific evidence, are used.
Conclusions
Within the limits of this study, it can be concluded that:
1. All the current treatments were effective in reducing cervical dentin hypersensitivity. 2. Statistically, after the reduction of pain, this pain remained stable until the last evaluation. After 6 months of treatment there was no increase in pain. 3. The association of Nd:YAG and Gluma Desensitizer is an effective treatment strategy that has immediate and long-lasting effects.
